patients were more than those in the general population (4, 5) . The finding noted in one of the studies was that patients with APS had lower high-density lipoprotein (HDL) levels than those without APS. However, the study did not test the relationship between individual laboratory tests for APS and lipid profile abnormalities (5) . No study has determined the relationship between individual laboratory tests for APS and lipid profile abnormalities (6) (7) (8) . We analyzed the relationship between various tests for APS and lipid profile abnormalities in a subset of APS patients who presented with major arterial thrombotic events in a tertiary care hospital.
Material and Methods
The study was conducted at Government Medical College, which is the largest tertiary level referral hospital and teaching institution in the state of Kerala, South India. The study was approved by the Institutional Ethics Committee, and signed informed consent was taken from all included patients. All patients who presented to the Medicine Department of the Government Medical College with major arterial thrombotic events in the form of stroke or myocardial infarction as the clinical manifestation of APS during the two-year period from September 2009 to August 2011 were studied. The aCL and anti-β2G tests of IgG and IgM performed done on the patients 12 weeks apart, and the higher of the two values of each parameter was taken for analysis to determine the relationship with lipid abnormalities. The tests were performed using quantitative enzyme-linked immunosorbant assay kits (EUROIMMUN Medizinische Labordiagnostika AG; Lübeck, Germany). Patients were considered to be positive for aCL antibodies or anti-β2G if the titer was more than 15 IU/mL, and a high titer was considered to be more than 40 IU/mL for IgG and IgM isotypes (1, 2) . The lupus anticoagulant test was performed by a dilute Russell Viper Venom Time-based lupus anticoagulant detection system (Tulip Diagnostics (P) Ltd; Goa, India). The fasting lipid profile was measured in all patients using a fully automated biochemistry analyzer (Biolis 24i, Tokyo Boeki Medical Systems Ltd.; Tokyo, Japan). Lipid profile abnormalities were defined with cutoffs of low-density lipoprotein (LDL) levels of >150 mg/dL, triglyceride (TG) levels of >150 mg/dL, and HDL levels of <40 mg/dL. The relationship between lipid abnormalities and individual tests for APS, aCL IgG and IgM and anti-β2G IgG and IgM, was determined by statistical analysis. Data obtained from the study were subjected to statistical scrutiny using Statistical Package for Social Science 16, windows version 16 (SPSS Inc.; Chicago, IL, USA). There were only very few lupus anticoagulant-positive patients (n=11) considered in the study. The lupus anticoagulant test could not be performed on all patients due to technical issues as many of them were on oral anticoagulants.
Results
The study population comprised 77 APS patients, a majority of whom (53%) were in the age group of 20-40 years. In total, 58% of the patients were males and 42% were females. The following were our salient observations.
Lipid profile abnormalities among APS patients
The commonest abnormality noted was elevated TG levels of >150 mg/dL seen in 51.9% of the patients. Low HDL levels (<40mg/dL) were seen in 38.9% of the patients, while 40.2% of the patients had high LDL levels (>150 mg/dL) ( Figure 1 ).
Relationship between APS tests and individual lipid profile abnormalities
Relationship between aCL IgG levels and various lipid abnormalities As 72.1% of the patients with moderate-to-high aCL IgG levels had normal HDL levels, there was no statistically significant relationship between the two parameters (p=0.4865). Similar results were obtained for LDL levels (p=0.199). Regarding TG levels, a majority of patients with low aCL IgG levels had TG levels above 150 mg/ dL, showing no significance (p=0.489).
Thus, no lipid abnormality had any statistically significant relationship with aCL IgG levels.
Relationship between aCL IgM levels and lipid abnormalities On analyzing the relationship between aCL IgM and LDL levels, 67.4% of the patients with low aCL IgM levels had normal LDL levels and that this relationship was statistically significant with p value of 0.0146 (Table 1) . As only 35.7% of the patients with moderate-to-high aCL IgM levels had HDL levels below 40 mg/dL, the relationship between the two parameters was not statistically significant, and the p value was 0.984. Moreover, there was no statistically significant relationship between aCL IgM levels and TG levels as 68.4% of the patients with low aCL IgM levels had TG levels above 150 mg/dL (p=0.613).
Thus, only LDL level had statistically significant relationship with aCL IgM levels.
Relationship between anti-β2G IgG levels and lipid abnormalities Unlike aCL IgG, there was a statistically significant relationship between anti-β2G IgG and HDL (Table 2 ). This was because 65.4% of the patients with moderate-to-high anti-β2G IgG levels had low HDL levels (p=0.034). A similar significant relationship between anti-β2G IgG levels and LDL was seen (p=0.011) (Table 3, Figure 2 ). However, there was no significant relationship between anti-β2G IgG levels and TG levels (p=0.833).
Thus, there was a statistically significant relationship between anti-β2G IgG levels and HDL and LDL levels, but not TG levels. 
Discussion
As serum lipoproteins also contain phospholipids, they may also act as a target for antiphospholipid antibodies. Cross-reactions between antibodies to oxidized LDLs and cardiolipins have been described in SLE from as early as 1993 (9) . In our study, we found that aCL IgM levels had a statistically significant relationship with LDL levels. Although isolated IgM aCL levels have no direct correlation with thrombosis, their significance in atherosclerotic diseases has not been studied till date. Our study also did not study this aspect. If any cross-reactivity occurs with LDLs or oxidized LDLs, there may be a possible role for isolated aCL IgM antibodies in atherosclerotic diseases. As LDL contain phospholipids, LDL or oxidized LDL may cross react with anti cardiolipin/anti phospholipid antibodies, thus contributing to atherosclerotic diseases. β2G is also called apolipoprotein H (10) . This terminology highlights the special relationship of this glycoprotein with lipoproteins. In our study, we found a statistically significant relationship between anti-β2G IgG levels and HDL and LDL levels, but not TG levels.
The mechanisms by which anti-β2G antibodies cause thrombosis have been well described (11) . They enhance the thrombotic activity of aCL antibodies and the lupus anticoagulant (12) and have also been suggested to induce procoagulant proteins (13) .
We propose that anti-β2G has a role in atherothrombotic complications by promoting formation of antibodies against LDL or HDL. Also the cross reactions between LDL or HDL and anti-β2G antibody may result in atherothrombotic complications
Conclusion
There are very few published articles to compare the lipid abnormalities of APS patients with the results obtained in the present study (4, 5) . Both mentioned studies have not compared individual lipid abnormalities with separate laboratory parameters of the APS test. The finding noted in one of the studies was that patients with APS had lower HDL levels than those without APS. It was noted in the two studies that lipid abnormalities in APS patients was more than those in the general population.
In our study, we found that aCL IgM levels have a statistically significant relationship with LDL levels and also that anti-β2G IgG levels had a statistically signification relationship with both HDL and LDL levels. Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of Calicut Medical College.
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